10 min extraction time. At this optimum point the polyphenol content, total reducing power, DPPH free radical scavenging and glycemic index were respectively 2.34 mg galliceq/100 mL, 0.41 mg vitamin C eq/100 mL, 59.0% and 51.6%. In conclusion the response surface methodology successfully conducted to production of decoction of Boscia senegalensis with the highest polyphenol content, antioxidant properties and the lowest glycemic index.
Introduction
Belonging to the Capparidaceae family, Boscia senegalensis is a wild plant which largely grows under the 20 th parallel of the soudanian area of Africa from Senegal, through the Northern Burkina Faso, Nigerian and Niger border, the southern lake of Chad and ended in the Western Sudan. It is an evergreen under shrub plant, usually 1 to 2 m mean height [1] . Largely called in these regions as "Buldumhi" in Fulfulde and "Ndandam" in Wolof [2] , Boscia plant produces acidic fruits that are commercialized either for human nutrition or for medicine. The fruits are usually soaked in water for some days to a week to remove the acidity before consumption. The utilization of Boscia seeds for food is generally limited in rural households, notably in Burkina Faso, where populations experienced a food shortage period occurring early in the rainy season and lasting until the next crop harvest period. Rather, Boscia seeds are mostly used for their medicinal properties. In Chad, for instance the seeds are regularly used traditionally for the treatment of diabetes and associate diseases including obesity and coronary heart diseases [3] . One active principle in Boscia has been identified as a glucocapparin, a sulfonated glucose which exhibited not only hypoglycemic effect, but also cytotoxicity [3] . It is demonstrated that Boscia is rich in phenols and antioxidant properties [2] , and these molecules may also justify the use of Boscia in traditional medicine. Traditionally the decoction used in patient treatment consisted of mixing the seed powder (about 200 g) with water (about 1L) followed by boiling for about 30 min. However the conditions under which Boscia decoctions are prepared varied from one healer to another and the optimal condition to achieve the extraction of active principle is unknown and need to be investigated.
Optimization of aqueous extraction of plant material has been widely investigated on several food materials including dry seeds, herbs, etc., Generally the most important factors are extraction time temperature, and powder mass to water volume ratio. In particular the extraction of phenolic compounds and antioxidant principles from plant materials has been shown to depend on such factors, but the global and interaction effects of these factors may depend on the type of matrix and this has not yet been investigated on Boscia powder.
The general objective of the present work was to determine the conditions of aqueous extract production with optimal hypoglycemic effect. More specifically the effect of extraction time, temperature and water to flour ratio on total phenolic compounds, antioxidant and hypoglycemic properties of Boscia was first studied, and the determination of optimal extraction condition using multiresponse optimization methodology was done.
Aqueous Extraction Optimization of the Antioxidant and Antihyperglycemic Components of Boscia Senegalensis Using Central Composite Design Methodology
Abstract
The objective of this study was to optimize the extraction conditions of antioxidant and antihyperglycemic properties of Boscia senegalensis decoction using response surface methodology. A Central Composite Design was performed to determine the effect of powder to water ratio (range 0.3/10 -4/10 g/mL), extraction time (range 3 -38 min) and extraction temperature (range 25 -95°C) on total polyphenol content, DPPH free radical scavenging, Ferric ion-reducing power and glycemic index of decoction. Desirability function was established to achieve the best possible combination of factors to a maximum value of total phenolic content, DPPH free radical scavenging, total reducing power of the decoction and a low level of glycemic index. The results revealed that the variation of all the response variables as a function of the factors fit very well the quadratic model with adjusted R 2 varying from 82 to 93%. The range variation observed were: Total polyphenol content 0.47 to 2.04 mg galliceq/100mL, glycemic index 55.1 -89.6%, DPPH antiradical scavenging activity 30.2 -67.2%, Ferric ion-reducing power 0.29 -0.95 mg vitamin C eq/100mL decoction. The highest variation of responses 38% was observed on the phenolic content while the lowest 12% was observed on the glycemic index. Significant linear correlation (r = -0.90; p<0.01) was observed between the total polyphenol content and the glycemic index of the decoction. Computed desirability function estimated with accuracy the optimal conditions at 55°C extraction temperature, 3/10 g/mL powder to water ratio and
Determination of the response variable
Four response variables were used in this study, total polyphenol content, DPPH free radical scavenging activity, total reducing power and the rat glycemic index of Boscia decoctions.
Determination of DPPH free radical scavenging activity: The DPPH free radical scavenging was calculated as the percentage of DPPH free radical scavenged by the decoction (%) in solution [4] . In the procedure of determination of the DPPH free radical scavenging activity, 0.25 mL of DPPH (0.1 mM in methanol) was mixed with 0.25 mL of decoction. The reaction mixture was shaken well and incubated in the dark for 60 min at room temperature. Then, the absorbance (Asample) was taken at 517 nm. A control sample was done in which the decoction was replaced by water (Acontrol). The antioxidant activity was given as the inhibition rate of DPPH radicals using the formula: DPPH activity (%) = Determination of Ferric iron-reducing power: The total reducing power of decoctions was measured and results expressed as mg Vit C equivalent per 100 mL of decoction as previously described with some modifications [5] . In this respect an aliquot of 1 mL of decoction was dissolved in distilled water and mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of aqueous KFe (CN) (1%) solution. The tube was incubated for 30 min at 50°C, 2.5 mL of trichloroacetic acid 10% were added, and the mixture was centrifuged for 10 min at 2000 g. 2.5 mL aliquot of the supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of aqueous FeCl 3 0.1% and the absorbance was taken at 700 nm. Ferric iron-reducing activity was determined as vitamin c equivalent (mg ascorbic acid/100 mL of decoction) using a vitamin c standard curve (concentration range 0 -1 mg/100 mL). Table 1 : Matrice of central composite design of independent variables (actual and coded levels) for extraction of antioxidant properties of Boscia senegalensis flour.
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• Determination of total polyphenol content: The total polyphenol content expressed as mg gallic acid per 100 mL of decoction was determined by the Folin-Ciocalteu method [6] . Briefly, 100 µL of decoction was mixed with 205 µL ml of diluted (50% v/v) Folin-Ciocalteu's phenol reagent in a test tube and allowed to stand 5 min at 25°C. 250 µL of 20% (p/v) Na 2 CO 3 was added to the test tube and the final volume was made up to 2000 µL with distilled water. After 1h of reaction at 25°C, the absorbance was determined at 760 nm on a UV/visible spectrophotometer (SP8001 Metertech AXIOM, Germany). The measurement was compared to a calibration line of prepared Gallic Acid (GA) solution (0 -0.2/mL).
Determination of the glycemic index of Boscia decoctions:
The glycemic index of each decoction was determined on 5 individual rats according to Ihediohanma [7] with some modifications. Adult rats 60 ± 5 days old, weighting 225 -230 g were obtained from the Animal House of National School of Agro-Industrial Sciences of the University of Ngaoundere, Cameroon. Prior to the experimentation, the animals were housed in metabolic cages maintained at a temperature of 23 ± 3°C with alternate periods of 12h light and dark with free access to water and standard diet. In the procedure each of the 17 decoctions shown in table 1 was administered orally at the dose of 250 mg/kg to 3 rats randomly selected. A control group was made of 3 rats receiving water. Thirty minutes later after consumption of the decoction, 2 g/ kg glucose was administrated orally to the rats and the blood samples were taken from tail vein of the rats at times 0, 30, 60 and 120 min after glucose administration. The blood sample was analyzed for glucose level using a One Touch Glucometer (Life scan, USA). The curve of change in glucose level as the function of time was drawn for control group and decoction group ( Figure 1 ) and the glycemic index was calculated as the ratio of the Area Under Curve (AUC) for the decoction and control tests according to the equation [8] :
Glycemic index (%) =
The AUC was determined by integration using GraphPad prism Software version 5. All the rats were treated as per the National Institute of Health guidelines of care and use of laboratory animals (1996) . Before experiments, the rats had free access to standard diet and water. They were kept for acclimatization under standard laboratory conditions at room temperature (23 ± 1°C; 55 ± 5% humidity) in individual metabolic cages. All the animals used were fasted overnight before administration of extract and/or glucose. After the administration of the extract and/or glucose till the end of the experiment they were not given access to water and food.
Experimental design, statistical analysis and optimization procedure
For the design experiment, we had 3 factors variables (coded X 1 for extraction temperature, X 2 for extraction time and X 3 for water to flour ratio) and 4 responses variables (total phenolic content, DPPH scavenging activity, reducing power and glycemic index). A central composite design methodology was used consisting 17 experiments with 8 axial, 6 stars points and 3 central points. According to this methodology, we assume the responses variables to vary with the factors according to a second-order polynomial equation as:
Statistical analysis was performed using Response surface methodology in Minitab.16 software. The significant (p<0.05) terms in the model were found by Analysis Of Variance (ANOVA) for each response. The model adequacies were checked by lack-of-fit test, R
, and p-values as outlined by previous studies [9, 10] .
The desirability method [11, 12] was used as optimization tool to find the best combination of factors that result in Boscia senegalensis decoction with maximum values of DPPH free radical scavenging, total reducing power, total phenolic compounds, but low level of glycemic index.
Results
Model fitting
In table 2, the analysis of variance of the second-order polynomial response surface model and significance of the terms of the models for the response variables are presented. The estimated regression coefficients of the polynomial response surface models along with the corresponding R 2 values and lack of fit tests are also given in this table.  From table 2 , it is possible to observe that the regression models proposed for the responses were highly significant (p<0.05).
No lack-of-fit was found and both R 2 and adj-R 2 were higher than 80%, indicating that the polynomial models fit with satisfaction the experimental data and may be used for prediction purposes. For DPPH free radical scavenging (R 2 = 90.97, adj-R 2 = 89.37; p<0.05), the linear and quadratic effects of time, ratio, temperature and their interactions were not significant. However, linear effect of temperature, quadratic effect of ratio and interaction between temperature and ratio were significant (p<0.05) for total reducing power. Total phenolic compounds showed significant (p<0.05) linear effects of time, ratio and quadratic effect of ratio, while almost all the interaction effects of these factors were not significant. For the glycemic index model (R 2 = 97.18, adj-R 2 = 93.55; p<0.05), all the linear and interaction effects of factors were not significant, but quadratic effects of temperature and time were deemed significant to represent the experimental data.
Effect of factors on phenolic compounds, glycemic index and antioxidant properties of Boscia senegalensis decoction
The surface plots showing the combined effect of temperature and extraction time on the polyphenol content of Boscia senegalensis decoction are presented in figure 2. 
The change in phenolic content showed significant interaction with either the extraction time or the mass to water ratio. Generally at lower extraction time, increase in extraction temperature led to significant (p<0.05) increase in phenol of the decoction up to a maximum around 70°C from which further increase in temperature resulted in decrease while no significant effect of temperature was observed at higher extraction time. In addition while at medium mass to water ratio range (1.5 -2.5 g/10mL) extraction temperature had no significant effect, at lower and higher mass to water ratio increase in temperature led to significant increase in phenols up to a maximum around 80°C from which further increase in temperature resulted in decrease of phenol content.
The change in glycemic index of Boscia decoction with the extraction factors is presented in figure 3 . Generally the glycemic index increased with increase in extraction time and temperature.
Generally the extraction conditions had no significant effect on the DPPH free radical scavenging activity of the decoction (Table 2) . However for the total reducing power (Figure 4) , temperature was the most important factor with the increase inducing significant increase in the total reducing power. The mass to water ratio showed a quadratic influence with minimum reducing power at 2.0 to 2.5 g/10 mL. Meanwhile the effect of decoction time was mostly observed at higher temperature where an increase led to significant decrease in total reducing power. We did not found significant correlation between the phenols and neither the DPPH scavenging activity (r = -0.17) or the total reducing power (r = 0.11). This could be due to the interference Table 2 : ANOVA and regression coefficients of the second-order polynomial model for the response variables. of the method of quantification of phenolic with aromatic amino acid of the proteins. In fact the Folin-Ciocalteu method, although widely applied to plant extracts, is not specific for phenolic compounds and does suffer interference [13] from other compounds such as proteins which were revealed very high in the Boscia senegalensis decoction. In addition no significant linear relation was observed between the DPPH scavenging activity and the total reducing power of the Boscia senegalensis decoction. Figure 5 presented the overlaid contour plot for multi response optimization of antioxidant and hypoglycemic properties of Boscia senegalensis decoction.
DF
Coefficients
Sum of squares Fratio Pvalue
Coefficients
Sum of squares Fratio Pvalue
Coefficients
Sum of squares Fratio Pvalue
Coefficients
Sum of squares Fratio Pvalue
Optimization procedure
Optimum was achieved graphically by identifying zones of maximum DPPH free radical scavenging, total reducing power, total phenolic content and minimum of glycemic index as stripped in the contours plots. The optimal extraction zone corresponded to the range temperature of 40 -90°C, ratio of 0.5/10 -3/10 g/mL and time of extraction of 5 -10 min. As expected the computed optimal conditions of Boscia senegalensis decoction extraction given in table 3 were within the optimum zone determined graphically. By the graphical method, we observed that optimal zones of all response variables were superposed suggesting a high desirability of the optimization procedure.
The computed optimal condition was determined using the desirability function depicted in figure 6 . The desirability function describes the variation in probability to achieve the optimization of the response variables. All the factors significantly (p<0.05) influenced the desirability with temperature having the most important effect. Significant interaction between the 3 factors can observed with the response surface all lower than 1. The optimization procedure using desirability function indicated that the overall optimum region had a desirability of 0.90.
Prediction of the optimal zone
The predicted optimal conditions were 10 min extraction time, 55°C decoction temperature and 3/10 mass to water ratio (Table 3) . In these conditions the total phenol content was 2.02 mg gallic acid eq/100 mL, and the glycemic index was 54.7% (Table 4) . Additionally the decoction exhibited free radical scavenging activity of more than 60%. The adequacy of the predictive model was tested by comparing the experimental and predicted values (Table 4 ) at optimum conditions. In this respect, no significant (p<0.05) difference was observed between the experimental and the predicted values.
Discussion
Phenolic compounds can be defined as any compound containing a benzene ring with one or more hydroxyl groups [14] . It has already been admitted that these compounds possess antioxidant and hypoglycemic activities [15] . The extraction procedure of phenolics in plant materials has been reviewed by Khoddami et al., [16] . Among solvent usually employed for phenolic extraction, water has been shown to be efficient in extracting phenolic compound [17] , flavonoids and proanthocyanidins. We showed in this study that the yield of extraction of phenolic compounds depended on extractions conditions such as the temperature, the time and the ratio of powder to solvent. According to some authors longer extraction time increase the chance of oxidation of phenolic unless reduction agent are added to the solvent [16] . However, some authors reported longer time as 30-120 min as optimal extraction time of polyphenolics [17, 18] . The increase in phenol extraction with increase in temperature has also been reported in other food materials [18] and may be a consequence of increase in agitation which not only increases the diffusivity of solvent into granules, but also the mass transfer and solubility of molecules. We observed in this study a decrease of phenolic extraction at higher temperature which may result from their loss by volatilization and thermal, chemical and enzymatic decomposition [18] , or by complexation with other compounds such as protein which remain bound to the matrix and subsequent insolubilisation [12] . But this may depend on the type of phenols as is the case of stems the optimal time and temperature was observed for 270 min and 55°C [19] . As for the effect of solvent to sample ratio, basically its increase promotes phenolic extraction, but it is advised to determine the optimum ratio so as to minimize the solvent input and saturation effects [16] .
The rate of extraction of phenolic may impact the in vivo and in vitro activities of the decoction as they might be active principles as reported for other plants resources [8] . Fortunately we found in this study a significant (r = -0.93; p<0.001) and linear relationship between the total phenols content and the glycemic index. The negative correlation implied that as the phenols content increased in the decoction, the glycemic index decreased. This indeed highlighted the role of phenols in the hypoglycemic activity of Boscia decoction claimed by consumers and healers. Mahamat et al., [3] recently reported a sugar complex, glucocapparin, as the active molecule in Boscia decoction. Although this may not be rejected, it comes from this study that phenols may partly play a role either alone or in interaction with other hydrophilic compounds such as polysaccharides [20] . One major mechanism by which phenols might regulate glucose concentration was reported in the intestine through inhibition of the membrane transport Na + -dependent D-glucose [21] . In this respect dietary phenolic compound favor the dissipation of the Na + electrochemical gradient which provides the driving force for active glucose accumulation [21] .
Generally the glycemic index increased with increase in extraction time and temperature, suggesting that higher extraction time and temperature had detrimental effects on the biological activity of the decoction.
Another beneficial aspect of dietary phenols is their antioxidant activity in biological systems. Recent studies on the antioxidant activity of Boscia demonstrated their high antioxidant activity potential [2] . Unfortunately we did not found significant correlation between the phenols and neither the DPPH scavenging activity (r = -0.17) or the total reducing power (r = 0.11). In addition no significant linear relation was observed between the DPPH scavenging activity and the total reducing power of the Boscia decoction. This may be a result of thermal degradation of Boscia phenols at higher temperature as significant decrease in phenol was observed at temperature higher than 70°C. In addition other components such as polysaccharides in the aqueous extract may be responsible of the activity [20] , and this needs to be investigated.
The conditions for production of aqueous extract with high phenols content and low glycemic index were determined 10 min and 55°C. In these conditions our decoction contained 2.02 mg phenols/L Table 4 : Predicted responses at optimum conditions.
Mean ± SD, n = 3 of decoction, exhibited about 62% scavenging activity. The glycemic index of the decoction was lower than 55, meaning our Boscia decoction may be classified as low glycemic index potential as compared to intermediate (55-69) and high (70 -100) glycemic potential molecules [22] . All these values give our Boscia decoction a high potential to contribute to the management of diabetes and associated metabolic disorders.
Conclusion
The extraction conditions have significant effects on the antioxidant and hypoglycemic properties of Boscia senegalensis decoction, but the behavior varied from one response variable to another. While the DPPH activity do not varied significantly with any of the studied factor, the total reducing power increases significantly in a quadratic manner with increase in the extraction time and temperature. In addition the total phenolic content linearly decreases with the increase in extraction time and powder to water ratio concomitantly with an increase in glycemic index. Globally decoction with high total phenolic content exhibits low glycemic index thus suggesting a potential role of Boscia phenol in the management of diabetes. With a desirability of 90%, the optimal condition to maximize the phenol, DPPH antiradical scavenging activity and total reducing power, and to minimize the glycemic index is 55°C extraction temperature, 3/10 g/mL powder to water ratio and 10 min extraction time. In these conditions, the Boscia senegalensis extract is expected to exhibit higher biological activity. However the functionality of the decoction will depend on the dose and in this respect the toxicity as well as the glucosinolate content of the Boscia extract need to be investigated. In addition, study of the biological activity of the extract including antioxidant activity, α and β glucosidase inhibition and effect on the blood biochemical components needs to be investigated. Investigations on the antioxidant and hypoglycemic effect of isolate molecules in the aqueous extract of Boscia are also needed.
